Stable pair bonds are widespread in humans and reproductive success varies greatly among pairs. Determinants of fitness may be based on testosterone-dependent sexually dimorphic traits. Prenatal condition is a critical period of physical development, and fetal testosterone has a profound effect on adult behavior and reproduction. Maternal parity (the number of previous births) might be a proxy for fetal testosterone because the prenatal level of male sex hormone, testosterone, is previously shown to decrease across parities. Offspring reproductive potential may, therefore, be positively associated with low parity in sons and high in daughters, by different masculinization by testosterone. In this study, we explored the effects of maternal parity on offspring's subsequent (individual and pair-specific) life histories including number of grandchildren (controlling for age at marriage, number of siblings, social status, and year of birth) in a Norwegian preindustrial society. We found that parity was a positive predictor of daughters' and negative (but not significantly; P = 0.058) predictor of sons' subsequent fitness. Furthermore, within the mated pairs, the difference between the parity of their 2 mothers was a strong predictor of each couple's fitness. Sons born to mothers of low parity married to daughters from mothers with high parity had much higher number of grandchildren than, for example, sons of mothers with high parity married to daughters of mothers with low parity. The result highlights the importance of early prenatal condition on human life histories, particularly pair-bond duration and fitness, and that parity may have an impact on offspring pair-specific fitness in the studied population.
M
any species reproduce within long-term pair bonds, such as a majority of birds (Cockburn 2006) and some mammals, including humans (Clutton-Brock 1991; Reichard and Boesch 2003) . Stable mating relationships are widespread in humans and reproductive success varies considerably among pairs (Hawkes 2004) . Variations in reproductive success have been associated with a range of individual, social, life-history, and phenotypic characteristics, such as access to resources (Røskaft et al. 1992) , age at first reproduction (Skjaervø et al. 2011) , and the reproductive potential (Apicella et al. 2007; Jokela 2009; Fraccaro et al. 2010) . Fitness is not only determined by individual qualities but may also be affected by the compatibility between partners in various testosterone-dependent sexually dimorphic traits (Trivers 1972; Havlicek and Roberts 2009) , including reproductive potential (Bereczkei and Csanaky 1996) . Thus, the initial formation of pair bonds is extremely important to both female and male fitness, and there is evidence for mate choice-based reproductive potential (e.g., masculinity for men and femininity for women) (Little et al. 2001; Manning 2002; Penton-Voak et al. 2004; Saino et al. 2006; Lummaa et al. 2007; van Straaten et al. 2009; Fraccaro et al. 2010; Vukovic et al. 2010) .
Previous studies have suggested the importance of early condition on reproductive success (Lindstrom 1999; Lummaa and Clutton-Brock 2002) . The effects of maternal parity (the number of previous live births and stillbirths) could be a potential source of variation in the mate quality of the offspring because individuals born to mothers of different parity have different prenatal environments that may influence growth, health, and survival (Bai et al. 2002; Fessler et al. 2005) . A number of human studies indicate that the level of testosterone decreases with maternal parity or age (Zumoff et al. 1995; Carlsen et al. 2003; Rohrmann et al. 2009; Toriola et al. 2011) . Consistent with this, 2 other lines of evidence indicate that parity can be used as a proxy for prenatal levels of testosterone. First, parity effects on birth weight are well known among mammals, including humans (reviewed in Fessler et al. 2005 ): low-parity offspring tend to have lower birth weight than high-parity offspring (Magnus et al. 1985; Seidman et al. 1988; Wilcox et al. 1996; Carlsen et al. 2006; Nordtveit et al. 2009 ). Second, elevated levels of testosterone in the uterus decrease birth weight (Wolf et al. 2002; Carlsen et al. 2006; Recabarren et al. 2009 ). Thus, low-parity children have low birth weight because they may be exposed to relatively higher levels of testosterone than those born to mothers of high parity (Zumoff et al. 1995; Carlsen et al. 2003; Rohrmann et al. 2009; Toriola et al. 2011) .
Fetal testosterone is essential for sexual differentiation and has a profound effect on adult behavior and reproduction (of both the sexes) in mammals (Wallen and Baum 2002) , including humans (Ryan and Vandenbergh 2002; CohenBendahan et al. 2005; Abbott et al. 2006 ). More precisely, regardless of the exact mechanism, female fetuses exposed to high levels of testosterone mature at a later age, have a shorter reproductive period and lower fertility, are less attractive to males, and have weaker (less feminine) mate preferences (Ryan and Vandenbergh 2002; Wallen and Baum 2002) . Likewise, mammal males exposed to low testosterone levels during prenatal development show feminine sexual behavior and are less attractive as mates to the opposite sex (Ryan and Vandenbergh 2002; Wallen and Baum 2002) . In humans, the more feminine females (i.e., female offspring of high-parity mothers) are preferred as mates by males (Manning 2002; Penton-Voak et al. 2004; Saino et al. 2006; Lummaa et al. 2007) , whereas the more masculine males (i.e., male offspring of low-parity mothers) are more sexually attractive to females (Manning 2002; Penton-Voak et al. 2004; Saino et al. 2006) . Ultimately, fetal testosterone, and thus maternal parity, may affect fitness. This hypothesis is in line with the findings that female fetuses exposed to high levels of testosterone have both reduced fertility (Homburg et al. 1988; Franks 1995; Abbott et al. 2006 ) and breastfeeding rate (Vanky et al. 2008 ). To our knowledge, the effects of maternal parity on offspring's subsequent (individual and pair-specific) life histories and fitness have not yet been studied.
The present study had 3 aims, using maternal parity as a surrogate of early condition (fetal testosterone). First, we hypothesized that the reproductive potential and thus the mate quality is positively associated with high parity in female offspring (highly feminine) and low parity in male offspring (highly masculine). We, therefore, investigated whether maternal parity could influence offspring's (sons and daughters) fitness (measured as the number of grandchildren). Second, if mate choice-based on reproductive potential has fitness benefits, we predicted that the effects of maternal parity could influence a pair's reproductive outcome: couples formed by a low-parity boy and high-parity girl (the difference of their mother's parities had a high value) had higher fitness than pairs consisting of high-parity boy and low-parity girl (the difference of their mother's parities had a low value, see Figure 1 for explanation). We, therefore, tested if the value of the difference of parity between the partners' mothers within mated pairs were predictors of pair-specific fitness. Third, we analyzed the possible effect of such early conditions on key life-history traits (number of children born, number of adult children, age at last reproduction, and number of married children) within mated pairs to understand the underlying pathways that might mediate the fitness differences found.
Our data and study design have several benefits addressing these aims. First, the number of grandchildren of each couple is known and represents a long-term measure of fitness. Second, the study period covers the years from 1700 to 1900 CE, before industrialization and improved healthcare associated with the demographic transition began to affect survivorship and family size (Coale and Watkins 1986; Low and Clarke 1992) . Third, the data include the status and wealth of each couple based on the husband's socioeconomic status in a farming community. In these data, status is a surrogate for differences in resource availability. Such differences have previously been shown to influence family size in our study population (Røskaft et al. 1992) . Fourth, in all the analyses, we have paid particular attention to the task of separating "before birth" and "after birth" explanations. There are at least 2 important "after birth" factors that can be used in the analysis of biased parental investment: birth order and sibship size. Life-history theory predicts that when parents have limited energy and resources, they should strategically distribute their resources to maximize the total success of their offspring Skjaervø and Røskaft • Effect of maternal parity on fitness 335 (Trivers and Willard 1973; Clutton-Brock 1991) . This helps in explaining why parents bias their investment by birth order (e.g., Faurie et al. 2009 ) and sibship size (e.g., Mace 1996) . These 2 factors may confound our results. However, by sampling all individuals in the present study from different families, we reduced the effect of biased postnatal parental investment among children within families (Michalski and Shackelford 2001) and we collected data on sibship size to control for variation in sibling competition (Michalski and Shackelford 2001) .
MatERIalS and MEthodS

Participants
We used demographic data from a Norwegian patriarchal farming society (Soknedal, 63°N, 10°E), collected from local history books (see Røskaft et al. 1992; Skjaervø et al. 2009 ).
The study sample included complete life-history data of 89 married couples, consisting of men and women (F1 generation) born to 180 mothers (P generation). Mating system was monogamous with practically no divorce. Marriages were not arranged and both sexes were free to choose their spouses, though parents' consents were often required (Eliassen and Sogner 1981) .
Measures
We recorded full life-history data for all F1 individuals (number of children born [F2 generation], number of adult children [20 years], reproductive period, and number of married children), including the number of grandchildren (F3 generation), which is the ultimate measure of fitness. We were interested in the variable effect of early condition before birth. Parity of the P mothers was, therefore, used to build the variable of interest, comprising 2 categories: Pf, parity of the mothers to the F1 women and Pm, parity of the mothers to the F1 men. From the records, several F1 individuals between couples came from same families. In order to avoid pseudoreplication of the data (see Hurlbert 1984 ) (same family environment), we randomly picked only one of these same family F1 individuals to be included in the data. This procedure reduced the sample size and the degrees of freedom but enabled us to reduce the postnatal effects. For all F1 individuals, we also collected data on female and male sibship size to control for variation in sibling competition (Michalski and Shackelford 2001) . We also had data on female age of marriage, male age of marriage, and year when female was born, which all have already been associated with variation in fertility in these populations (Røskaft et al. 1992 ). We classified couples as either high or low status based on their socioeconomic position in the farm community. In these data, status is a surrogate for differences in resource availability. Such differences have previously been shown to influence fitness in our study population (Skjaervø et al. 2011) . We hypothesized that girls born to mothers of high parity and boys born to mothers of low parity are both positively related to reproductive potential and pair-specific fitness. We, therefore, calculated a predicted correlate of fitness within each couple: parity of the mothers to the F1 females − parity of the mothers to the F1 men (P (f − m)). Table 1 presents the descriptive statistics of the variables studied.
Statistical analysis
First, we wanted to explore the effect of both Pm and Pf (in the same model) on the number of grandchildren produced by each couple while controlling for the confounding variables mentioned above. Second, we investigated the possible influences of P (f − m) on each reproductive trait (number of children born, number of adult children, reproductive period, and number of married children) including number of grandchildren.
Prior to the statistical analyses, data exploration was applied following the protocol described in Zuur et al. (2012) . We looked at the presence of outliers using Cleveland dotplots, collinearity (correlation between explanatory variables) using multipanel scatterplots and variance inflation factors (VIF), and relationships between the response variables and explanatory variables were visualized using multipanel scatterplots to see whether relationships were linear or nonlinear. Multiple linear regression was applied to model reproductive period as a function of the P (f − m), male number of siblings, female number of siblings, male age at marriage, female age at marriage, status, and year born.
Generalized linear models (GLMs) using a Poisson distribution were applied on the response variables, number of children born, number of adult children, number of married children, and number of grandchildren, as these variables are counts (Zuur et al. 2009 ). The same explanatory variables were used. Various GLMs were slightly underdispersed or overdispersed and in such cases a quasi-Poisson GLM was used to correct the standard errors (SEs) (Zuur et al. 2009 ). Once models were fitted, a model validation was applied on the residuals (Pearson residuals for the GLMs and standardized residuals for the multiple regression model); we inspected the residuals for the presence of outliers and influential observations (using Cooks distances), patterns (by plotting residuals vs. each covariate), normality, homogeneity, and independence (by making a sample variogram of the residuals vs. year).
Calculations were carried out in R Development Core Team (2012). Supplementary Figures 1-5 
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Effect of Pm and Pf on fitness
The full GLM model, including estimate SE, t, and P values for all factors and covariates, is reported in Supplementary  Table 2 . The parity of P mothers was found to be a predictor Pf: parity of the mothers to the F1 women and Pm: parity of the mothers to the F1 men. P (f − m): parity of the mothers to the F1 females − parity of the mothers to the F1 men.
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of F1 women's number of grandchildren (GLM, P = 0.011), but not statistically significant for F1 men (GLM, P = 0.058), after controlling for male number of siblings, female number of siblings, male age at marriage, female age at marriage, status, and year born (Supplementary Table 2 ). The model explained approximately 32% of the F1 women's variance in number of grandchildren (Supplementary Table 2 ).
Effect of P (w − m) on fitness and key life-history traits
The value of the difference between Pf and Pm within the studied pairs (P (f − m)) had a significant effect on fitness (number of grandchildren) (Table 6 and Figure 2 ) including all life-history parameters (Tables 2-5). Number of siblings of males, but not females, also had a significant effect (positive) on pair-specific fitness and key life-history traits (Tables 2-6 ). Age of marriage (of both female and male) had significant effects on key life-history traits, but only female age of marriage had effect on number of grandchildren (Tables 2-6). Status had significant effect on 2 (reproductive period and number of children) of the 4 life-history variables investigated (Tables 2-5). After controlling for these confounders, we found that in partnerships in which the male was born of a mother of lower parity than his partner, the couple had higher number of grandchildren than when his mother's parity was higher than that of his partner's mother (high value of difference in parity) (Table 6 ). Couples with a high value of difference in parity had higher fitness, presumably because they had longer reproductive period and higher number of children born, surviving, and marrying (Tables 2-5 ). The
GLMs explained approximately 39, 48, 37, 36, and 39% of the variance in couples' reproductive periods, number of children born, number of adult and married children, and number of grandchildren, respectively (Tables 2-6).
dIScuSSIon
Previous studies have shown that stable mating relationships are widespread in humans (Reichard and Boesch 2003) and
Figure 2
Mean number of grandchildren per couple (n=89) regressed on parity of the mother to the female partner minus parity of the mother to the male partner (P (f − m)). 
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that reproductive success may vary among pairs according to pair-specific reproductive potential (Apicella et al. 2007; Jokela 2009; Fraccaro et al. 2010) . Parity may have an effect on offspring reproductive potential because individuals born to mothers of different parity have different prenatal environments (e.g., levels of testosterone) that may influence growth, survival, and fertility. However, it is unknown whether such a condition affects both individual and pair-specific fitness (measured based on the number of grandchildren). Our results suggest that maternal parity has an effect on individual offspring's subsequent fitness among preindustrial Norwegians. We also analyzed life-history variables, including fitness among couples in terms of the value of difference between the parity of their mothers (couples with a high value are more compatible than those with a low value). We presume that by adding pair-specific quality based on the effect of maternal parity on both the partners to previous analyses of fitness, we have shed light on the possible ways in which the effects of early development modify previously hypothesized relationships between mate quality and fitness. We found that within mated pairs, P (f − m) was a strong predictor of each couple's fitness. As we had predicted, couples formed by a low-parity boy and high-parity girl (high value of difference of parity) had, on average, at least 4 more grandchildren than pairs consisting of high-parity boy and low-parity girl. Thus, P (f − m) can be considered as an indicator of pair quality.
Obviously, the final choice of a partner is based on a number of preferences that signal partner quality (Gangestad and Simpson 2000) . It is important to note that we have not tested mate choice in this population, but only the association between the effect of parity on pairspecific quality (presumably important in mate choice) and fitness. If maternal parity effects due to fetal testosterone could affect the children's subsequent attractiveness, then these effects may be important in mate choice. Our results are in line with this idea and earlier studies that found an association between attractiveness and reproductive success (Manning et al. 2000; Apicella et al. 2007; Pawlowski et al. 2008; Jokela 2009 ), by showing that partnership formed by low-parity sons and high-parity daughters had the highest number of grandchildren. This fitness benefit arises because these pairs had both higher number of children born as well as surviving and more married children, partly because they had a longer reproductive period. Thus, this indicates a link between compatibility between partners in sexual dimorphic traits, pair-bond duration (Käär et al. 1996; Manning et al. 2000) , and fitness. In accordance, sociological studies have shown that couples formed by spouses with different birth orders (e.g., an older brother of sisters with a younger sister of brothers) have lower divorce rates and their marriages are likely to last longer than that of, for example, 2 youngest children, because of factors including marital stability, relationship commitment, and quality and satisfaction (Kemper 1966; Toman 1970 Toman , 1971 Weller et al. 1974) .
At the proximate level, the relation between parity and fitness in our results may in part reflect 2 processes. First, prenatal birth-order effects, such as exposure to fetal testosterone (Carlsen et al. 2006; Nordtveit et al. 2009 ) may affect the reproductive potential of an individual. Low-parity masculinized sons and high-parity feminized daughters may both have higher reproductive potential (Ryan and Vandenbergh 2002; Wallen and Baum 2002; Abbott et al. 2006) , and thus higher reproductive success (Franks 1995; Abbott et al. 2006; Lummaa et al. 2007 ) than both early-born masculinized females and later-born feminized males. Second, postnatal birth-order effects of early family environment, including sibling competition (number of siblings) (Low 1991; Mace 1996; Gillespie et al. 2008 ) and different parental investments (Voland 1998; Draper and Hames 2000; Pettay et al. 2007; Rickard et al. 2007; Faurie et al. 2009 ) may be an alternative explanation. However, we found little evidence to suggest that the patterns observed were likely to solely be explained by the differences in sibling competition and postnatal parental investment. First, after controlling for a number of competing siblings, we still found that the value of difference between the parity of each couple's mothers was a significant factor explaining the fitness differences found. Second, we collected data on parity from different families. Using such a between-family design reduces the effects of biased parental investment among children within families (Michalski and Shackelford 2001) . A number of studies support the predictions from the theory that having more siblings has negative consequences for individual development, survival, and reproductive success (Low 1991; Mace 1996; Gillespie et al. 2008) , but some studies have also found the opposite, which is in line with our findings that boys' numbers of siblings had a significant positive effect on fitness (Draper and Hames 2000) . The mechanisms of the association are unclear although they may result from the support from the kin within a patriarchal society. The greater the number of siblings a boy has, the more economic or social support that he and his family might get, which could be converted to enhancement of reproductive success (Draper and Hames 2000) .
Biased parental investment strategies, such as primogeniture, where first-born sons have higher reproductive success, when compared with their younger siblings, because they are favored as the inheritors of land or "helping-at-the-nest" (Hrdy and Judge 1993) . Furthermore, the first-born daughters marry late because they help parents in rearing younger siblings (Bereczkei and Dunbar 2002) . Both strategies may benefit parent's inclusive fitness. Although we have no data on how parental investment was allocated among different children within families, we assume that first-born males were favored because people followed the rule of primogeniture (Røskaft et al. 1992) . First-born females were not favored because as shown earlier, they had lower probability of marriage than later-born females (Bongard 2005) . Such practices may intensify the effects of fetal testosterone that "naturally" favor both low-parity sons and high-parity daughters and are probably adaptive because parents provide extra resources to those children with greatest reproductive potential (Trivers and Willard 1973; Clutton-Brock 1991; Faurie et al. 2009 ).
Previous studies on traditional (reviewed in Draper and Hames 2000) , preindustrial (Faurie et al. 2009 ), and contemporary (Goodman and Koupil 2009; Milne and Judge 2009) humans concerning the relationships between birth order, reproductive behavior, and reproductive success all contradict each other. Let us consider that there is a connection between parity and parental treatment of offspring, as mentioned earlier. Thus, the effect of birth order on reproductive behavior including fitness could also, similar to our results, work in the opposite direction between the 2 sexes. We suggest that these contradictions may be minimized by taking into account the combination of spouse's birth order, rather than individual birth order when investigating the association between birth order and fitness in the future.
The main strength of our study includes full life-history data on 4 generations for both the female and male lines within the pairs. However, one constraint is certainly the number of couples. Yet, it is difficult to collect adequate complete data for each couple over 4 generations because data from individuals who migrated out of the area were lost from the sample. However, the significant findings indicate that the sample size was not detrimental.
In conclusion, the present results highlight the importance of early condition on human life histories, particularly pairbond duration and fitness, and that maternal parity may in part have an impact on offspring's pair-specific fitness in the studied population.
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